SUMMARY Electrophysiologic delineation of the atrioventricular conduction system at surgery is described in two patients with corrected transposition of the great arteries in situs inversus. Intra-atrial electrograms were recorded in one patient from sites immediately adjacent to the coronary sinus located in the left-sided right atrium. The intraventricular portion of the atrioventricular conduction system was identified in both patients along the posterior and inferior margin of the ventricular septal defect, in contrast to the superior and INTRACARDIAC OPERATIONS in patients with corrected transposition of the great arteries and two well developed ventricles are necessitated by symptoms related to associated defects. These most commonly are pulmonary stenosis with ventricular septal defect (VSD) resulting in right-to-left shunt, and regurgitation of the left-sided atrioventricular valve.' Recent anatomic studies2 I indicate that the specialized atrioventricular conduction sytem (AVC) in corrected transposition in situs solitus (L-transposition) emerges inferiorly and to the right of the pulmonary valve. It then proceeds along the superior and anterior margin of the VSD to its distal ramifications within the myocardium. Electrophysiologic delineation during surgery has confirmed this course of the intraventricular AVC relative to the VSD in corrected transposition in situs solitus (S,L, This paper reports the electrophysiologic identification at surgery of the intra-atrial and intraventricular His conduction system in two patients with situs inversus of the viscera and atria, D-loop, D-transposition of the great arteries 1ID,D1 and dextrocardia, i.e., corrected transposition in situs inversus. 
INTRACARDIAC OPERATIONS in patients with corrected transposition of the great arteries and two well developed ventricles are necessitated by symptoms related to associated defects. These most commonly are pulmonary stenosis with ventricular septal defect (VSD) resulting in right-to-left shunt, and regurgitation of the left-sided atrioventricular valve.' Recent anatomic studies2 I indicate that the specialized atrioventricular conduction sytem (AVC) in corrected transposition in situs solitus (L-transposition) emerges inferiorly and to the right of the pulmonary valve. It then proceeds along the superior and anterior margin of the VSD to its distal ramifications within the myocardium. Electrophysiologic delineation during surgery has confirmed this course of the intraventricular AVC relative to the VSD in corrected transposition in situs solitus (S,L, This paper reports the electrophysiologic identification at surgery of the intra-atrial and intraventricular His conduction system in two patients with situs inversus of the viscera and atria, D-loop, D-transposition of the great arteries 1ID,D1 and dextrocardia, i.e., corrected transposition in situs inversus. Table 1 summarizes the clinical, electrocardiographic, and anatomic features of the two patients. Following palliative surgery (Blalock-Taussig shunts) performed several years previously, both patients underwent correction because of increasing cyanosis and dyspnea on exertion.
Methods
Preoperative evaluation, including electrocardiogram, chest radiograph, cardiac catheterization, and biventricular angiography disclosed identical anatomic features: 1) dextrocardia, 2) situs inversus of the viscera and atria, 3) D-loop anterior location found in corrected transposition of the great arteries in situs solitus.
The course of the conduction system in the hearts of these two patients and a possible relationship to the cardiac loop and dual origin of the atrioventricular node is discussed. These cases illustrate the usefulness of segmental diagnosis of congenital heart disease and of electrophysiologic identification of the specialized atrioventricular conduction system at surgery. of the ventricles with atrioventricular discordance, 4) Dtransposition of the great arteries with ventriculo-arterial discordance. In addition, hemodynamic data in conjunction with the angiographic findings indicated severe pulmonary stenosis and a ventricular septal defect with right-to-left shunting. Preoperative electrocardiographic data demonstrated a rightward inferior frontal plane P wave axis suggesting atrial inversion in both patients. Both patients had normal PR intervals before and following surgery; patient 2 had transient complete heart block for 17 days following surgery, and prolonged her PR by .04 sec. Both patients developed prolongation of their intraventricular conduction time (QRS interval) postoperatively.
After instituting cardiopulmonary bypass in each patient and prior to cross-clamping the aorta, the left-sided right atrium was incised and the mitral valve exposed. Upon retracting the posterior leaflet of the mitral valve, the entire perimeter of the ventricular septal defect could be seen. Nearly normothermic temperatures (35.50 C in patient 1 and 34.5°C in patient 2) were maintained during the electrophysiologic studies. A simultaneous scalar electrocardiogram (lead II) and a high right atrial (left-sided) bipolar electrogram were recorded in order to monitor atrioventricular conduction. A hand-held probe, with three bipolar pairs of electrodes (1 mm apart) and a diameter of 5 mm, was placed first on the endocardial surface of the right atrium (left-sided) in the area between the coronary sinus and the mitral valve; then within the ventricle it was positioned sequentially around the margin of the ventricular septal defect.7-9 Each bipolar pair of electrodes was connected to a Hewlett-Packard Bioelectric 8811A amplifier and isolated from both ground and the recording apparatus by an isolation transformer. Electrograms were recorded at frequencies between 15 and 300 Hz. All tracings were monitored on a Hewlett-Packard 1308 A oscilloscope and recorded simultaneously on photographic paper moving at 100 mm/sec. The appearance of a deflection on the intracardiac electrogram during the isoelectric portion of the PR interval identified electrical activity in the specialized AVC system.'0 In one patient intra-atrial and in both patients in- the electrophysiologic study the pulmonary valve was incised through the pulmonary artery and the ventricular septal defect was closed transatrially.
Results
Patient I maintained atrioventricular conduction during the electrophysiologic studies. Following surgery, persistent mild interatrial right-to-left shunting (systemic oxygen saturation 85% by postoperative catheterization) was noted. On the fourth postoperative day sinus node slowing with junctional escape mechanism and short runs of supraventricular tachyarrhythmia (sick sinus syndrome)" occurred. Although atrioventricular conduction was maintained it was thought prudent to insert an epicardial demand pacemaker. Figure I illustrates the anatomic findings at surgery in both patients. The coronary sinus was found in the left-sided right atrium in its mirror image position. The left- In this alignment, both the ventriculo-arterial and atrioventricular discordances of corrected transposition are maintained. '2 14 The specialized AVC system in the normally developed heart proceeds in a relatively predictable course." Congenital heart defects which are not associated with abnormal intersegmental (atria-ventricles-great arteries) relationships, with the exception of endocardial cushion defects" and muscular ventricular septal defects,7 are not associated with an abnormal course of the specialized AVC the major atrioventricular node was along the anterior margin of the right atrioventricular valve in the right atrium, behind the pulmonary valve anulus. In the eleven specimens which Anderson studied,3 a primitive, posterior hypoplastic atrioventricular node was found in its normal location in the right atrium, and in all but one it was isolated from the remainder of the specialized AVC system. The intraventricular His bundle -in contrast to the posterior and inferior location in normally looped hearts with ventricular septal defects -was found to emerge from the anterior node and pass into the anterior aspect of the roof of the pulmonary outflow tract, lying just inferior to the valve ring. It then encircled the right lateral margin of the valve ring to reach the expanded portion of the ventricular septum. In hearts with intact ventricular septa, it was anterior to the region of the membranous septum. In hearts with ventricular septal defects, it was found in the right side of the 
